While reports showing a link between prenatal androgen exposure and human gender role behavior are consistent and the effects are robust, associations to gender identity or crossgender identification are less clear. The aim of the current study was to investigate potential cross-gender identification in girls exposed prenatally to high concentrations of androgens due to classical congenital adrenal hyperplasia (CAH). Assessment included two standardized measures and a short parent interview assessing frequency of behavioral features of crossgender identification as conceptualized in Part A of the diagnostic criteria for gender identity disorder (GID) in the DSM-IV-TR. Next, because existing measures may have conflated gender role behavior with gender identity and because the distinction is potentially informative, we factor analyzed items from the measures which included both gender identity and gender role items to establish the independence of the two constructs. Participants were 43 girls and 38 boys with CAH and 41 unaffected female and 31 unaffected male relatives, aged 4-to 11-years. Girls with CAH had more cross-gender responses than female controls on all three measures of cross-gender identification as well as on a composite measure of gender identity independent of gender role behavior. Furthermore, parent report indicated that 5/39 (12.8%) of the girls with CAH exhibited cross-gender behavior in all five behavioral domains which comprise the cross-gender identification component of GID compared to 0/105 (0.0%) of the children in the other three groups combined. These data suggest that girls exposed to high concentrations of androgens prenatally are more likely to show cross-gender identification than girls without CAH or boys with and without CAH. Our findings suggest that prenatal androgen exposure could play a role in gender identity development in healthy children, and may be relevant to gender assignment in cases of prenatal hormone disruption, including, in particular, cases of severely virilized 46,XX CAH.
INTRODUCTION

1
Exposure to androgens during critical periods of fetal development is linked to 2 masculinization and defeminization of human behavior (Cohen-Bendahan, van de Beek, & 3 Berenbaum, 2005; Hines, 2011) . A primary source of information on the effects of androgens 4 on human development has been studies of girls and women who have classical congenital 5 adrenal hyperplasia (CAH), which exposes them to abnormally high concentrations of 6 androgens, including testosterone, beginning in utero (Merke & Bornstein, 2005) . Girls with 7 CAH are typically born with some degree of physical virilization (fused labia, enlarged 8 clitoris) caused by their prenatal androgen exposure and may later also show masculinized 9 gender role behavior. Gender role behavior refers to behaviors which, on average, are more 10 typical of one gender or the other and includes preferences for specific toys, playmates, and 11 play styles. As a group, girls with CAH are more likely than other girls to prefer boys' toys, 12 boys as playmates, and masculine play styles. This alteration in childhood play behavior is 13 well-established, with over 10 different studies reporting that girls with CAH show more 14 masculine play behavior compared to unaffected female relatives or matched controls (e.g., 15 Berenbaum & Hines, 1992; Dittmann et al., 1990; Ehrhardt & Baker, 1974; Ehrhardt, 16 Epstein, & Money, 1968; Hall et al., 2004; Hines, Brook, & Conway, 2004; Meyer-Bahlburg 17 et al., 2004; Nordenström, Servin, Bohlin, Larsson, & Wedell, 2002; Pasterski et al., 2005, 18 2007, 2011). There is also consistent evidence that women with CAH show reduced 19 heterosexual orientation. That is, they are more likely than women who do not have CAH to 20 report sexual attractions to, and encounters with, individuals of the same sex (Frisèn et al., 21 2009; Hines, 2011; Meyer-Bahlburg, Dolezal, Baker, & New, 2008; Zucker et al., 1996) .
22
In contrast to the consistent findings for alterations in gender role behavior and sexual 23 orientation, findings regarding gender identity in girls and women with CAH have been 24 inconsistent. Gender identity is a category of social identity and refers to the sense of self as 25 4 male, female, or a category that is neither male nor female. For the majority of the general 26 population, gender identity is congruent with biological parameters of sex (e.g., 27 chromosomal, gonadal, and anatomic) and gender assignment at birth. However, some therapy and surgery, is indicated as the most effective treatment for GID/GD that persists into 37 adulthood (Selvaggi & Bellringer, 2011) , dysphoria 1 to this extent is rare; rates have been 38 approximated within the general population to be 0.005% to 0.014% for adult natal males and 39 0.002% to 0.003% for adult natal females (American Psychiatric Association, 2013) .
40
With respect to gender dysphoria that has resulted in gender change in girls and as men by adulthood (Dessens, Slijper, & Drop, 2005) . While the rate of gender change from 45 female to male in 46,XX individuals with CAH is considerably higher than the rate in the 46 1 Gender dysphoria here refers to unhappiness with the assigned gender, not to the DSM-5 diagnosis of Gender Dysphoria (GD). In this article, we distinguish these two concepts by using upper case for the initial letters of the two words of the DSM-5 diagnosis (Gender Dysphoria [GD] ), and lower case for the initial letters of the words when used to describe unhappiness with the assigned gender ("gender dysphoria" or "dysphoria" in reference to a particular stated construct).
general population, alterations in gender identity have been less consistently observed than 47 alterations in gender role behavior or sexual orientation (Hines, 2011; Hines et al., 2004) . reported gender identity outcomes in girls or women with CAH (see Table 1 ). Nine of the 14 51 studies suggest that girls or women with CAH have increased masculine gender identity 52 (Berenbaum & Bailey, 2003; Gupta et al., 2006; Hines et al., 2004; Hurtig & Rosenthal, 53 1987; Meyer-Bahlburg, Dolezal, Baker, Ehrhardt, & New, 2006; Slijper, 1984; Slijper, Drop, 54 Molenaar, & de Muinck Keizer-Schrama, 1998; Woelfle et al., 2012; Zucker et al., 1996) ,
55
whereas five of the 14 suggest that gender identity in girls or women with CAH does not 56 differ from that of control girls (Dittmann et al., 1990; Ehrhardt & Baker, 1974 (Zucker, Finegan, Doering, & Bradley, 1983) . The DAP was used in three studies of 66 individuals with CAH. Two studies of children found that girls with CAH were more likely 67 than other girls to draw a boy (Hurtig & Rosenthal, 1987; Slijper, 1984) , whereas a study of 68 adults found no significant difference between women with and without CAH (McGuire et 69 al., 1975) . None of the other studies used sufficiently similar methodology and age ranges to 70 allow direct comparison of results.
6
Second, several studies assessed gender identity using insufficient or unvalidated 72 measurement. For example, two assessments consisted of a single item (Ehrhardt & Baker, 73 1974) or a single item along with the DAP (McGuire et al., 1975; Slijper, 1984) . One further 74 assessment consisted of only two items (Dittmann et al., 1990) ; another employed the DAP,
75
the Rorschach, and the Thematic Apperception Test (TAT), all of which are interpretive and 76 unvalidated for gender identity assessment (Hurtig & Rosenthal, 1987) ; and two studies
77
reported results based on physician impression (Gupta et al., 2006; Woefle et al., 2002) .
78
These methods of assessment are difficult to interpret and could easily miss subtle differences 79 in gender identity of their participants.
80
Finally, of the 7 studies which employed diagnostic evaluations based on the DSM-IV
81
or scaled scores from self-report questionnaires/interviews, four confounded gender identity 82 with gender role behaviors, such as play or playmate preferences in childhood (Berenbaum & 83 Bailey, 2003; Meyer-Bahlburg et al., 2006; Slijper et al., 1998; Zucker et al., 1996) . All four 84 of these studies reported increased cross-gender identification in girls or women with CAH,
85
but perhaps inflated by cross-gender role behavior. By contrast, of the three studies which 86 employed standardized assessment consisting purely of gender identity items, two reported 87 no effects in girls or women (Mattila et al., 2013) longer meet the criteria when followed up in adolescence or adulthood (Green, 1987; Singh, 100 2012; Wallien & Cohen-Kettenis, 2008) . If one were to apply this finding to females with 101 CAH, it would suggest that rates of GID may be higher in girls with CAH than in women 102 with CAH. Six studies included combined groups of girls and women with CAH. Three of 103 these reported increased cross-gender identification (Gupta et al., 2006; Slijper et al., 1998; 104 Woefle et al., 2002) , but the three others reported no increase (Dittmann et al., 1990; Matilla 105 et al., 2013; McGuire et al., 1975) . For the three studies focusing only on women with CAH,
106
all three reported increased cross-gender identification (Hines et al., 2004; Meyer-Bahlburg et 107 al., 2006; Zucker et al., 1996) , while only three of five studies focusing only on girls with
108
CAH reported this outcome (Berenbaum & Bailey, 2003; Hurtig & Rosenthal, 1987; Slijper, 109 1984 also interviewed a primary caregiver who was almost always the mother; six were fathers.
167
There were no significant group differences in age or in IQ, which was measured using the
168
Vocabulary subtest of the Wechsler Intelligence Scale for Children (4th ed.) (WISC-IV) 169 (Wechsler, 2003) were 7-years of age and older gave verbal assent. The protocol was approved by national and 184 institutional research ethics committees.
185
Measures
186
For a comprehensive assessment of gender identity, we administered two parent-187 report measures (one interview and one questionnaire) and a child self-report interview as 188 follows.
189
Gender Identity Interview for Children (GIIC) (Wallien et al., 2009; Zucker et al., 1993) 190 This standardized measure, appropriate for children ages 2.5 to 12 years, contains 12 sex-appropriate response, as "1" for an "ambiguous" response, or as "2" for a "deviant 2 "
195 response, or cross-gender in relation to the participant's assigned gender at birth. and 4-point response scales as follows: For items 1 and 2 (above), 1 = "frequently" to 4 = 220 "never;" and for items 3 to 5, 1 = "prefers cross-gender" 2 = "prefers neutral or equal cross-221 gender/same-gender" and 3 = "prefers same-gender." See Appendix A for all items in the 222 gender-specific versions of the CIC. For statistical analyses, we reversed these scores so that 223 high scores indicated increased cross-gender responses.
224
We did not assess Parts B, C, or D of the DSM-IV-TR criteria for GID for the 225 following reasons. Part B addresses "persistent discomfort with his or her sex" which is 226 assessed primarily in relation to genitalia. For girls, the criterion warrants "rejection of 227 urination in the sitting position, assertion that she has or will grow a penis, or assertion that Next, because gender identity is increasingly understood as a construct independent of 240 gender role behavior (Fagot, Leinbach, & Hagan, 1986; Meyer-Bahlburg et al., 2004; Zucker, 241 2010), we conducted analyses for composites of gender identity and gender role items independently. To do this, we factor analyzed the items comprising the two measures in our 243 study which included both gender identity and gender role items, i.e., the GIQC and the CIC.
244
Specifically, we performed factor analysis using maximum likelihood as the extraction 245 method and a varimax rotated solution, across the entire sample of children (N = 153). Note 246 that in order to include male and female participants, the variables were structured to reflect 247 gender-congruent versus gender-incongruent (with respect to assigned gender), rather than 248 girl-typical or boy-typical, responses for each item. See Appendix B for factor loadings.
249
As we expected, the two identity items from the GIQC and the single identity item showed that these two items were the least frequently endorsed of the male-typical activities,
254
as they were categorized in the original measure, for boys with and without CAH. This
255
suggests that these two items may not tap male-typical behavior as well as the other items do.
256
These two items were not included in further analyses for the composite variables. Finally,
257
we created standardized scores and calculated the mean for items from Factor 1 to create the analyze the two composites.
261
RESULTS
262
Gender Identity Interview for Children (GIIC) , has implemented a stricter guideline whereby one of the 4 out of 5 exhibited behaviors must include the cross-gender identity statement, "wishes to be the other sex." In the current report, 5 out of 5 necessarily includes the cross-gender identity statement. We are not, however, claiming that these data are clinically diagnostic. primarily due to a lack of variance in the gender identity composite, e.g., SD = 0.00 for the consider gender identity and gender role behavior as two separate constructs.
263
403
With respect to limitations of the current report, it is possible that girls with CAH who 404 have experienced gender identity difficulties were over-or under-represented as a result of 405 selection bias. For instance, it is possible that parents of girls who showed signs of cross-406 gender identification were more likely to participate in the study. Alternatively, the bias could 407 be that girls who were less cross-gendered in their identity were more likely to participate.
408
The possibility of selection bias is unavoidable when studying rare and potentially hormones and this atypical exposure might be expected to influence gender identification.
433
Based on the current findings, it might also be expected to increase the likelihood of cross-434 gender identification.
435
With respect to CAH specifically, girls with CAH in the current study showed 436 significantly increased cross-gender identification and cross-gender role behavior using a (Dessens et al., 2005; Meyer-Bahlburg, 1996; Meyer-Bahlburg et al., 2006 considering rates of gender dysphoria reported in previous studies combined, a total of 4/84 455 (4.7%) girls with CAH showed some signs of gender dysphoria (Berenbaum & Bailey, 2003; 456 Ehrhardt & Baker, 1974 , Hurtig & Rosenthal, 1987 Meyer-Bahlburg et al., 2004) whereas, in 457 studies of adults, a total of 5/110 (4.5%) women with CAH showed some signs of gender 458 dysphoria (Hines et al., 2004; Meyer-Bahlburg et al., 2006; Zucker et al., 1996) , and among 459 studies including groups of children/adolescents/adults combined, the comparable numbers
460
were 8/142 (5.63%) of participants (Dittmann et al., 1990; Gupta et al., 2006; Matilla et al., 461 2013; McGuire et al., 1975; Slijper et al., 1998; Woelfle et al., 2002) . Again, although these CAH is relatively uncommon (~1.6%) (Dessens et al., 2005) , it occurs at a greater frequency 467 than in the general population (~.003%) (American Psychiatric Association, 2013 less virilization and fewer surgeries (Nordenström et al., 2010) . Furthermore, these poorer 480 surgical outcomes correlated with poorer quality of life on factors such as sexual functioning 481 and satisfying romantic relationships (Nordenskjöld et al., 2008; Nordenström et al., 2010) . If 482 those with the greatest virilization also show the greatest levels of cross-gender identification,
483
as they do in regard to gender role behavior and sexual orientation (Hines, 2011) , perhaps 484 greater overall life satisfaction may be found with male sex-assignment for some of the most 485 strongly virilized girls with CAH Lee, Houk, & Husmann, 2010 *Factor 1 items constitute the gender role composite; Factor 2 items constitute the gender identity composite. Factor 3 items appear to be less consistent with gender role or gender identity compared to other items. Further inspection showed these three items to be rated as the least frequent of the maletypical activities among boys, suggesting that they may not discriminate male-typical behavior as well as the other items do. These two items were not included in further analyses for the composite variables. a There were no significant group differences in age. b The Vocabulary subtest was used as a proxy of Full-scale IQ using the WPPSI (Wechsler, 1967 (Wechsler, , 2002 and WISC (Wechsler, 2003) as age appropriate. There were no significant group differences on this measure. c No analyses were carried out comparing mothers and fathers given the low number of fathers participating. Parent-report data reflect the distribution listed here. 
